Since the introduction of the genus Streptomyces by Waksman and Henrici [1] , the classification systems of this genus have relied mainly on the use of morphological and phenotypic criteria. As shown in the literature, these classification schemes often lack taxonomic discriminatory power at the species level. Later genotypic approaches have revealed synonymies among several species, as shown for example in the Streptomyces violaceusniger, Streptomyces cyaneus and Streptomyces lavendulae species groups [2] [3] [4] . However, the large number of species with validly published names remains a major practical obstacle in an overall genotypic reclassification of streptomycetes, which can only be resolved by total genome sequence comparisons.
Whole genome shotgun sequences of Streptomyces canus DSM 40017
T and Streptomyces ciscaucasicus DSM 40275 T were generated using the Illumina MiSeq sequencing technology. Genomic DNA was extracted based on the method published by Jin et al. [5] optimized for Streptomyces spp. including three additional steps, mechanical treatment with glass beads, enzymatic treatments at 37 C for 16 h with lysozyme (100 mg ml À1 solution dissolved in TE buffer, pH 8.0) and subsequently at 37 C for 30 min with achromopeptidase (60 U), followed by purification with the MasterPure Yeast DNA purification kit (Epicentre, Illumina The average nucleotide identity of the genomes was calculated with the OrthoANI (Average Nucleotide Identity by Orthology) algorithm [6] in EzBioCloud (http://www.ezbiocloud.net/). The OrthoANI analysis was based on 5 984 452 aligned nucleotides, which represents a genome coverage of 51.9 % (DSM 40017 T ) and 61.0 % (DSM 40275 T ), respectively. The obtained OrthoANI value was 96.25 %, which was above the recommended species boundary of 95-96 % [7] [8] [9] .
The genome to genome distance calculator [10] was used to determine the genome to genome distance of the two genomes. Formula 2 was applied as recommended by the provider of the tool for draft genome sequences. The obtained in silico DNA-DNA hybridization (DDH) value of the two compared genomes was 68.6 % (65.7-71.5 %) with a genome distance of 0.038. The data indicated that the two strains share with a probability of 75.7 % a DDH value >70 %, which also indicates that the two type strains belong to the same species.
The close phylogenetic relationship of the two type strains was further analysed in comparison with the next closest related Streptomyces type strains based on the calculation of a phylogenetic tree based on the nucleotide and amino acid sequences of the shared core genome reconstructed with the EDGAR 2.0 software platform [11] . Multiple alignments of the nucleotide coding sequences or the translated products T to each other and to the next closest related type strains in phylogenetic trees calculated based on nucleotide (a) and amino acid (b) sequences of shared protein coding genes and concatenated nucleotide (c) and amino acid sequences (d) used for MLSA (atpD-gyrB-recA-rpoB-trpB). For the genome-based analyses the data were validated by bootstrap analysis with 200 iterations; all branches showed at least 95 % bootstrap support. MLSA trees were based on 100 replications (bootstrap analysis). Genome accession numbers are listed in Table S1 . Bars, 0.01 nucleotide or amino acid sequence exchange per sequence position.
were created for all core genes using MUSCLE [12] . Gene set alignments were than concatenated into one large multiple alignment which was used for the reconstruction of the respective nucleic acid and protein based phylogenetic trees. F84 (DNA) or Kimura (AA) distance matrixes and the neighbour-joining method as implemented in PHYLIP were used for tree reconstruction. A total of 42 990 coding sequences (1433 per genome) and 15 368 550 amino acid residues (512 285 per genome) were finally included in the analysis. The two strains formed a distinct branch in the nucleotide and amino acid sequence based core genome trees including the next closest related Streptomyces type strains (Fig. 1a, b) .
Additional phylogenetic analysis was performed by multilocus sequence analysis (MLSA) using an MLSA scheme typically applied for the taxonomy of the genus Streptomyces [13] [14] [15] [16] . Phylogenetic trees were calculated based on concatenated nucleotide and amino acid sequences of five protein coding genes, the ATP synthase F1, b-subunit (atpD), the RNA polymerase, b-subunit (rpoB), the recombinase A (recA), the DNA gyrase, b-subunit (gyrB), and the tryptophan synthase, b-subunit (trpB). The software package MEGA7 version 7.10.2 [17] was used for phylogenetic analysis. For the analysis, full-length gene sequences were extracted from the published genome sequences or partial gene sequences were derived from GenBank. The respective GenBank/EMBL/DDBJ accession numbers are listed in Table S1 (available in the online version of this article). Gene sequences were concatenated as followed, atpD, rpoB, recA, gyrB and trpB. Nucleotide sequences were aligned according to the respective amino acid sequence based alignment generated with CLUSTAL W [18] . The maximumlikelihood method was used for phylogenetic tree reconstructions. The general time resolved model [19] was thereby applied as evolutionary substitution model for nucleotide sequences, and the Jones-Thornton-Taylor model [20] for amino acid sequences. All phylogenetic trees were based on 9015 nucleotides and 3004 amino acid sequence positions of the concatenated gene sequences and 100 re-samplings (bootstrap analysis). Pairwise nucleotide sequence distances were calculated using the Kimura twoparameter model.
The nucleotide and amino acid based MLSA trees of concatenated sequences (Fig. 1c, d ) both confirmed the distinct cluster of S. canus DSM 40017 T and S. ciscaucasicus DSM 40275
T as shown by the core genome based phylogenetic trees. The pairwise nucleotide sequence distance of the concatenated nucleotide sequences of the two strains calculated with the Kimura 2-parameter model in MEGA7 was 0.006, which was below the species cut-off value of 0.007 suggested by Rong and Huang [14, 16] as a cut-off value to confirm the 70 % species cut-off values obtained by DNA-DNA association studies.
In the publication by K€ ampfer [21] it has already been reported that the 16S rRNA gene sequences of the type strains of S. canus (16S rRNA gene sequence accession number AY999775) and S. ciscaucasicus (16S rRNA gene sequence accession number AB18420) showed 100 % sequence identity.
For both strains spirals were shown and the development of the aerial mycelium was usually poor or absent on yeastmalt agar, oatmeal agar, salts-starch agar and glycerolasparagine agar. Both species produced spiny to warty spores. Colour of colony: aerial mass colour in the grey series, but aerial sporulation on yeast-malt agar, oatmeal agar, salts-starch agar and glycero-asparagine agar was usually inadequate for accurate spore mass colour determination. Reverse side of colony showed no distinctive pigments. Colour in medium: melanoid pigments were formed in peptone-yeast-iron agar, tyrosine agar and tryptone-yeast broth. Yellow, orange or red pigment was found in the medium on yeast-malt agar, oatmeal agar, salts-starch agar and glycerol-asparagine agar. This pigment was slightly pH [24] and that of Sveshnikova 1986 [25] (effective publication by Sveshnikova in Gause et al. [26] ) with the emendations of Pridham and Tresner [27] and K€ ampfer [21] and the data reported in this study. 
